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Introduction
A vertical root fracture (VRF) is characterised by cracks or 

fractures on the surface of the tooth root and can be classi- 
fied as complete or incomplete when the root fragments are 
not separated.1,2 This diagnosis represents one of the most 
challenging tasks in dentistry, since an error can result in 

unnecessary tooth extraction.3

The diagnostic accuracy of cone-beam computed tomo- 
graphy (CBCT) has been highlighted over the years;4,5 how-
ever, if fracture lines are narrow or subtle, detection is more 
difficult than in the presence of separate root fragments, 
requiring a more experienced evaluator for an accurate  
diagnosis.2,6

The production of artefacts in CBCT images is associ-
ated with a decrease in diagnostic accuracy for VRFs.5,7,8 
High-density dental materials can produce artefacts, such 
as hyperdense streaks and hypodense bands; these may be 
superimposed on the root fracture line, preventing fracture 
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(0.55). With MAR, an unfilled tooth with an incomplete VRF was 4 times more likely to be identified as having 
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detection.9

Manufacturers of some CBCT devices have developed 
post-processing algorithms, such as metal artefact reduction 

(MAR), to minimize the effects of metal-generated arte- 
facts.10 While some studies have shown that CBCT image 
quality improves when a MAR algorithm is applied,10-13 
other research has indicated that its activation has little or no  
influence on the detection of root fractures14 or may even 
hinder the diagnosis.15 In addition, the use of MAR increases  
the time required for image reconstruction and requires 
more space for data storage.14

Therefore, this study was designed to compare the accu-
racy of the detection of incomplete root fractures of filled 
or unfilled teeth on CBCT images with or without MAR. 
The null hypothesis was that no differences would exist in 
the detection of incomplete root fractures of either filled or 
unfilled teeth based on whether the algorithm was applied.

Materials and Methods
Approval to use extracted human teeth in this study was 

granted by the Ethics Committee (12792219.9.0000.5374). 
An a priori power analysis revealed a necessary minimum 
sample size of 40 teeth for an α level of 0.05 and a desired 
power of 80%. The sample size calculation was performed 
considering a prevalence of 15% with a confidence interval 
of 80%.

Forty single-rooted, freshly extracted maxillary premolars  
with complete root formation were collected. Teeth with 
cracks, resorption, fractures, root canal fillings, amalgam, 
or crown restorations were excluded. The selected teeth 
were inspected with the aid of a stereoscopic magnifying 
glass (Tecnival SQF-F, Curitiba, PR, Brazil) of up to ×40 
magnification and stored in 1% thymol to prevent drying. In 
total, 40 premolar teeth were included and were randomly  
allocated into 4 groups: unfilled teeth with MAR (n=10), 
unfilled teeth without MAR (n=10), filled teeth with MAR 

(n=10), and filled teeth without MAR (n=10).
The pulp chamber was accessed with the aid of a spher-

ical drill (no. 1013; FAVA Indústria, São Paulo, SP, Brazil) 
and a frustoconical drill (no. 3071; FAVA Indústria), using a 
high-speed pen (Kavo do Brasil, Joinville, SC, Brazil) under  
refrigeration. After the pulp chamber was opened, the root 
canal was located with the aid of an exploratory probe. The 
conduit was explored with manual #10 and #15 K-files 

(Dentsply Maillefer, Tulsa, OK, USA). Instrumentation was 
performed with a reciprocating system according to the pro-
cess described by Yared,16 using Reciproc R25 files (VDW, 
Munich, Germany) with a VDW engine (VDW) in Reciproc  

mode with the working length 1 mm below the apical for- 
amen. A #10 K-file (Dentsply, Konstanz, Germany) was 
introduced into the root canal up to the patency (1 mm  
beyond the apical foramen).

The chemomechanical preparation of the root canal was 
performed with a 2.5% sodium hypochlorite auxiliary sub-
stance, inserted into the canal using a 5-mL hypodermic 
syringe (INJEX Indústrias Cirúrgicas, Ourinhos, SP, Brazil) 
and a 20 mm×0.55 mm irrigation needle (INJEX Indústrias 
Cirúrgicas, Ourinhos, SP, Brazil) until the canal was filled. 
This was followed by mechanical instrumentation through 
the reciprocating system (Reciproc; VDW), with patency 
established and replacement of the auxiliary substance per-
formed at each root third.

After preparation and modelling of the entire length of 
the root canal, passive ultrasonic irrigation was performed 
using three 20-second cycles of irrigation with 17% EDTA 
and three 20-second cycles of irrigation with 2.5% sodium  
hypochlorite, according to the process described by van der 
Sluis et al.17 A solution of 17% EDTA (Fórmula e Ação, São 
Paulo, SP, Brazil) was inserted into the canal with a 5-mL 
hypodermic syringe (INJEX Indústrias Cirúrgicas, Ourin-
hos, SP, Brazil) and a 20 ×0.5 irrigation needle (INJEX  
Indústrias Cirúrgicas, Ourinhos, SP, Brazil) to remove the 
smear layer. The canal was dried using a silicone cannula 

(Capillary Tips; Ultradent, Indaiatuba, SP, Brazil) and absor- 
bent paper points. Endodontic instrumentation was per-
formed, and one-half of the samples were filled with filling 
material. The tooth canals were filled using the modified 
Tagger technique, with gutta-percha cones (Tanariman Indu- 
strial Ltda, Manaus, AM, Brazil) and AH Plus cement 

(Dentsply, Konstanz, Germany), and manipulated accord-
ing to the manufacturer’s instructions.

The roots were covered with a thin layer of wax to simu-
late the periodontal ligament and were included in a block of  
self-curing acrylic resin (Jet; Artigos Odontológicos Clássico  
Ltda, São Paulo, SP, Brazil), positioned with the buccal and 
lingual markings. After the identification of each specimen, 
20 roots underwent an artificial fracture procedure.

The root was fractured on a universal mechanical testing 
machine (DL 2000; EMIC, São José dos Pinhais, PR, Bra-
zil). The specimen was subjected to compressive loading of 
a load cell of 2000 kg, with a speed of 1 mm/min, through 
an active tip specifically designed for such research.5 This 
tip was introduced at the entrance of the channel, allowing 
the VRF to be determined using the operation cessation 
protocol of the machine, which is programmed to cease the 
emission of force when it no longer encounters resistance 

(Fig. 1). Teeth with visible separation of the root fragments 
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were excluded.
All teeth were inspected by direct visualisation with an 

operating microscope (Alliance, São Carlos, SP, Brazil) at 
×16 magnification to confirm the presence, location, and 
position of the VRF lines, and for use as a reference stan-
dard (Fig. 2). 

Images were obtained using a CBCT device (Orthopan-
tomograph® OP300; Instrumentarium, Tuusula, Finland) in 
accordance with the device’s maximum resolution protocol, 
with a voxel size of 0.086 mm and a field of view (FOV) of 
5 cm×5 cm. Subsequently, the images were exported in the 
Digital Imaging and Communication in Medicine (DICOM) 
format for evaluation of the entire volume acquired. After 
previous training, 2 dentists with more than 3 years of expe- 
rience in CBCT independently evaluated the tomographic  
images produced with and without the MAR algorithm for 
the presence or absence of VRFs using OnDemand3D soft-
ware (Cybermed Inc., Seoul, Korea) (Fig. 3). The DICOM 
files sent to the observers were identified with codes, to 
guarantee masking in relation to the type of image. Each 
dentist assessed the images twice, separated by a 1-week 
interval, in an environment with reduced light.

The sample was divided between teeth with and without 
filling and with and without MAR, and the data were orga- 
nized as demonstrated in Table 1. The kappa coefficient 

was used to evaluate intraobserver and interobserver agree-
ment, presented with the respective confidence intervals. 
Sensitivity, specificity, positive predictive value, negative 
predictive value, and positive and negative likelihood ratios 
were calculated to determine each evaluator’s diagnostic 
accuracy at the 2 time points. To assess intra- and inter-rater  
agreement, the epiR package (R Foundation for Statistical  
Computing, Vienna, Austria) was used, and to assess whether  
a change in diagnostic accuracy existed between assess- 
ments 1 and 2 of each observer, the McNemar test (P< 
0.05) and DTComPair package (R Core Team and the R 
Foundation for Statistical Computing, Auckland, New Zea-
land) were used. Both packages are implemented in R soft-
ware version 4.2 (R Core Team and the R Foundation for 
Statistical Computing) for Mac iOS.

All images were reassessed after 7 days, and all variables 
were analysed to calculate the intra-observer and inter- 
observer agreement via kappa testing. For interpretation, 
the following reference ranges were used: <0.00, poor; 
0.00 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, moder- 
ate; 0.61 to 0.80, substantial; and >0.80, almost perfect 
agreement, in accordance with Landis and Koch.18

Results
In this sample, 40% of incomplete VRFs were detected on 

the palatal surface, 30% on the buccal surface, 20% on the 
mesial surface, and 10% involving the buccal and palatal  
surfaces. Exactly 50% affected the cervical and middle 
thirds of the root, 18.18% affected the entire root exten-
sion, and 13.63% affected the middle and apical thirds. In 
the remaining cases (18.19%), the VRF affected only 1 root 

Fig. 1. Positioning of the specimen in the universal mechanical test- 
ing machine.

Table 1. Descriptions of groups and interventions performed on 
each tooth and image

Group n
Interventions 
performed on 

each tooth
n

Interventions 
performed on 
each image

Unfilled teeth 10 No fracture 10 No MAR
10 MAR

Filled teeth 10 No fracture 10 No MAR
10 MAR

Unfilled teeth 10 Fracture 10 No MAR
10 MAR

Filled teeth 10 Fracture 10 No MAR
10 MAR

MAR: metal artefact reduction
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third (either the cervical, middle, or apical third).
Of the 4 protocols, unfilled teeth analysed with the MAR 

algorithm were associated with the most accurate diag- 
nosis of incomplete VRF (0.65), while unfilled teeth with-
out MAR were associated with the least accurate diagnosis 

(0.55) (Table 2). Although filled teeth analysed without 
MAR received the same accuracy score as unfilled teeth 
with MAR (0.65) (Table 2), the associated interobserver  
coefficient (0.79) was the lowest among the 4 protocols 

(Table 2).
For both evaluators, unfilled teeth assessed with MAR 

had the highest specificity values (0.90; range, 0.71 to 1.00) 
of the protocols. For that group, a statistically significant 
difference was found between the first and second assess-

ments, with P-values of P =0.025 and P =0.014, respec-
tively, by applying the McNemar test (P<0.05).

The kappa coefficient for agreement between the 2 as-
sessments of each examiner was high, ranging from 0.88 
to 1.00. While the interobserver agreement was excellent 
overall, the lowest agreement (kappa of 0.79) was observed 
for filled teeth without MAR, as shown in Table 2. 

The probability that unfilled teeth identified as having an 
incomplete VRF actually exhibited this condition was 80% 
with MAR and 62% without MAR, whereas the probability  
that unfilled teeth identified as not having an incomplete 
VRF did not exhibit the condition was 60% with MAR and 
64% without MAR (Table 3). With MAR, an unfilled tooth 
with an incomplete VRF was 4 times more likely to be iden-

Table 2. Interobserver agreement for each group

Accuracy Interobserver kappa Confidence interval (95%) 

Unfilled teeth with MAR 0.65 1.00 0.56-1.44
Unfilled teeth without MAR 0.55 1.00 0.56-1.46
Filled teeth with MAR 0.60 1.00 0.56-1.46
Filled teeth without MAR 0.65 0.79 0.35-1.23

MAR: metal artefact reduction

Fig. 2. A. Clinical image. B. Image taken using a microscope. C. Cone-beam computed tomographic (CBCT) image without metal artefact 
reduction (MAR). D. CBCT image with MAR of the dental element with incomplete vertical root fracture. For images C and D, the arrows 
indicate the fracture line. 

A B C D
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Fig. 3. A. Axial images of a filled 
tooth without metal artefact reduction  

(MAR). B. Axial images of a filled 
tooth with MAR. C. Axial images of 
an unfilled tooth without MAR. D.  
Axial images of an unfilled tooth with  
MAR. The arrows illustrate an in-
complete fracture line. Note the hypo- 
dense bands emanating from the fill- 
ing material of the canal. MAR: metal  
artefact reduction.

A

C

B

D

Table 3. Diagnostic tests for incomplete vertical root fracture detection in unfilled teeth with and without metal artefact reduction (MAR) 
overall and by observer

Sensitivity Specificity PPV NPV LR + LR-

Overall 
With MAR 0.40 0.90 0.80 0.60 4.00 0.67
Without MAR 0.80 0.65 0.62 0.64 2.28 0.31

Observer 1
With MAR 0.40 0.90 0.80 0.60 4.00 0.67
Without MAR 0.80 0.70 0.57 0.54 1.33 0.87

Observer 2
With MAR 0.40 0.90 0.80 0.60 4.00 0.67
Without MAR 0.80 0.60 0.67 0.75 2.00 0.33

PPV: positive predictive value, NPV: negative predictive value, LR + : positive likelihood ratio, LR−: negative likelihood ratio



Effect of cone-beam computed tomography metal artefact reduction on incomplete subtle vertical root fractures

- 16 -

tified as having an incomplete VRF than an unfilled tooth 
without this condition, and without MAR, an unfilled tooth 
with an incomplete VRF was 2.28 times more likely to  
be identified as having an incomplete VRF than an unfilled 
tooth without this condition (Table 3).

The probability that filled teeth identified as having an in-
complete VRF did have this condition was 39% with MAR 
and 67% without MAR, whereas the probability that filled 
teeth identified as not having an incomplete VRF did not 
have the condition was 37% with MAR and 64% without  
MAR (Table 4). With MAR, a filled tooth with an incom-
plete VRF was 1.57 times more likely to be identified as 
having an incomplete VRF than a filled tooth without this 
condition, and without MAR, a filled tooth with an incom-
plete VRF was 2 times more likely to be identified as having  
an incomplete VRF than a filled tooth without the condi-
tion (Table 4).

Discussion
Endodontic sealer and gutta-percha cones contain radio- 

pacifiers such as zinc oxide and barium sulphate,19 which 
are high-density materials that produce artefacts in tomo-
graphic images, potentially impairing image quality. These 
effects can be minimised by activating the MAR algo-
rithm.11,20 The present results indicate that the use of the 
MAR algorithm in unfilled teeth improved the diagnosis 
rate of incomplete VRF, in accordance with several previ-
ous studies.1,6,8,21,22

Considerable variation currently exists among the find-
ings on the influence of the MAR algorithm in the diagnosis  
of fractures. Bechara et al.13 observed that the use of MAR 
decreased the accuracy of detection of VRFs in endodon-

tically treated teeth. In contrast, several studies4,15,23-25 
showed no significant difference, while others reported that 
MAR was more effective when the object of the image was 
in the centre of the FOV than otherwise.11,26 These differ- 
ences may relate to the methodology used to obtain the 
root fractures, the width between the root fragments6,27 or 
the absence of acquisition protocols with high resolution,28 
which may have affected the detectability of root fractures 
on CBCT.

So far, few studies have been conducted to evaluate in-
complete root fractures.29 Since an incomplete root fracture 
originates from the root,30 a tip was developed for use in a 
universal testing machine to obtain precise control of the 
force applied to the roots. The methodology used in the 
present study to create the root fracture was similar to that 
used in previous studies.8,31,32 Operative microscopy was 
used to detect the presence or absence of a root fracture, as  
in the study by Yuan et al.,33 and was noteworthy for its 
non-destructive nature.

In the present study, among the fractured teeth, 50% of 
the fracture lines were found in the cervical and middle  
thirds of the root, 18.18% in the entire root extension, 
13.63% in the middle and apical thirds, and 18.19% in only 
1 of the root thirds (the cervical, middle, or apical third). 
Regarding the root surface, the fracture line involved the 
palatal aspect in 40% of the cases, the buccal aspect in 
30%, the mesial aspect in 20%, and the buccal and palatal 
aspects in 10%. This differs from complete fractures, which 
normally extend in the vestibulolingual dimension.28,34 In 
vivo studies have shown that early root fracture lines can be 
quite subtle.6,35,36 The lack of studies exclusively focused 
on incomplete fractures, as well as the in vitro nature of the 
present study, limits the results available for comparison.

Table 4. Diagnostic tests for incomplete vertical root fracture detection in filled teeth with and without metal artefact reduction (MAR) 
overall and by observer

Sensitivity Specificity PPV NPV LR + LR-

Overall 
  With MAR 0.55 0.65 0.39 0.37 1.57 0.69
  Without MAR 0.60 0.70 0.67 0.64 2.00 0.57

Observer 1
  With MAR 0.60 0.60 0.16 0.16 1.50 0.67
  Without MAR 0.60 0.70 0.67 0.64 2.00 0.57

Observer 2
  With MAR 0.50 0.70 0.62 0.58 1.67 0.71
  Without MAR 0.60 0.70 0.67 0.64 2.00 0.57

PPV: positive predictive value, NPV: negative predictive value, LR + : positive likelihood ratio, LR−: negative likelihood ratio
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The sensitivity and specificity values in this sample 
decreased in the presence of fracture. Hassan et al.32 con-
cluded that the presence of gutta-percha did not influence 
the sensitivity of CBCT images, although it reduced the 
specificity. According to Marinho Vieira et al.,22 teeth with 
gutta-percha displayed the highest artefact interference of 
the groups studied, disfavouring the detection of root frac-
tures. Oliveira et al.15 evaluated the performance of the 
MAR algorithm with a methodology similar to that used in 
this study and found that all measures of diagnostic accu-
racy decreased when MAR was applied. However, those 
authors did not report which teeth had incomplete fractures 
and which were joined after the root fragments had been 
separated.

Both intra- and inter-examiner agreement were high in 
this study, as the assessments were conducted after the exa- 
miners were trained. Problems with concordance have been 
reported in previous studies.27,37-39 In one of these,6 fewer 
than one-third of subtle fractures were detected by experi-
enced radiologists, signalling the subjective nature of the 
interpretation of CBCT images. This finding highlights the 
need for improvement and constant training for those who 
interpret CBCT images.40

In some studies, researchers have attributed the relatively  
weak agreement between examiners to the difficulty of 
identifying the VRF due to the tomography unit used, the 
orientation of the fracture line, and the presence of intra- 
canal materials.4 According to a recent study, the OP300 
device, which was used to obtain the images in the present 
study, exhibits good accuracy in the detection of VRFs.41 
Removing root canal materials prior to imaging could im-
prove the diagnostic potential of CBCT,21 but this is not a 
viable practice considering the patient’s perspective. Diag-
nostic accuracy for subtle VRFs can be improved by using a 
high-resolution acquisition protocol4,27 with increased expo- 
sure time and a small FOV.6

Some limitations of the present research should be consid-
ered. First, many ex vivo studies have already been carried  
out.1,21,22,36,42,43 Due to the laboratorial design of the current 
study, the signs and symptoms of the condition studied are 
not reproduced. Pain on percussion, localized periodontal 
pocket, and tooth mobility are associated with the presence 
of advanced root fractures.4 Bucco/buccolingual bone loss 
was reported as an important indirect sign29,36 and should 
be considered in the diagnostic evaluation even when the 
fracture line cannot be visualized, with periodontal explo-
ration or surgical extraction as confirmatory procedures.4

Also, the lack of information on the prevalence of incom-
plete VRF in the population may have influenced the sam-

ple calculation. The prevalence of incomplete VRF is not 
clearly established; rates ranging from 11% to 20% have 
been found, and some studies have shown values as high as 
31.7%.31 This variation is justified by the different methodo- 
logies used in the studies, factors related to data acqui-
sition, and incorrect or imprecise diagnosis. In a recent  
study15 with a similar methodology to the present one, 45 
teeth were used, which reinforces the confidence in the 
sample calculation.

A significant reduction has been observed in the diagnos-
tic capacity of CBCT when the root fragments are less than 
0.5 mm apart.3,39 In the present study, the distance between 
the fragments on the root surface could not be evaluated; 
however, future studies could incorporate evaluation of this 
measure by associating the location and direction of the 
fracture line.

In conclusion, the presence of filling material along with 
the use of an MAR influences the success of incomplete 
VRF detection. The width between the root fragments and 
the absence of high-resolution acquisition protocols may 
have affected the detectability of root fractures on CBCT.

Conflicts of Interest: None
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